Stress activates the hypothalamo-pituitary-adrenal axis leading to enhanced glucocorticoid secretion and concurrently inhibits gonadotropin secretion and disrupts ovarian cyclicity. Here we tested the hypothesis that stress-like concentrations of cortisol interfere with follicular phase endocrine events of the ewe by suppressing pulsatile LH secretion, which is essential for subsequent steps in the preovulatory sequence. Cortisol was infused during the early to midfollicular phase, elevating plasma cortisol concentrations to one third, one half, or the maximal value induced by isolation, a commonly used model of psychosocial stress. All cortisol treatments compromised at least some aspect of reproductive hormone secretion in follicular phase ewes. First, cortisol significantly suppressed LH pulse frequency by as much as 35%, thus attenuating the high frequency LH pulses typical of the preovulatory period. Second, cortisol interfered with timely generation of the follicular phase estradiol rise, either preventing it or delaying the estradiol peak by as much as 20 h. Third, cortisol delayed or blocked the preovulatory LH and FSH surges. Collectively, our findings support the hypothesis that stress-like increments in plasma cortisol interfere with the follicular phase by suppressing the development of high frequency LH pulses, which compromises timely expression of the preovulatory estradiol rise and LH and FSH surges. Moreover, the suppression of LH pulse frequency provides indirect evidence that cortisol acts centrally to suppress pulsatile GnRH secretion in follicular-phase ewes. (Endocrinology 146:
A VARIETY OF stressors inhibit gonadotropin secretion and disrupt ovarian cyclicity. For example, acute restraint and/or isolation reduce(s) mean plasma LH concentrations and pulsatile LH secretion in the rat, sheep, and monkey (1) (2) (3) (4) (5) (6) . Transportation inhibits pulsatile LH secretion and delays and attenuates the LH surge in sheep and cows (7, 8) . Furthermore, immune/inflammatory stress suppresses pulsatile LH secretion during the preovulatory period in sheep (9) and delays or blocks the LH surge in follicular-phase ewes, cows, and monkeys (9 -11) . Despite evidence that stress interferes with gonadotropin secretion and ovarian cyclicity, the underlying mechanisms are not well understood. In this regard, adaptations to stress comprise an initial autonomic activation and release of catecholamines from the sympathetic nervous system, followed by a more delayed and prolonged activation of the hypothalamic-pituitary-adrenal (HPA) axis and enhanced secretion of CRH, arginine vasopressin, ACTH, and the glucocorticoids (12) (13) (14) . Each of these factors potentially mediates reproductive suppression. In actuality, the integrated actions of all of them are likely involved, with the relative importance of each depending on the nature of the stressor (12) .
Our laboratory has become interested in the coincident, stress-induced increase in glucocorticoid secretion and suppression of reproductive neuroendocrine function and ovarian cyclicity in sheep. In this regard, a recent study in sheep revealed that a continuous elevation of plasma cortisol to levels observed during isolation stress (ϳ75 ng/ml) suppressed the preovulatory estradiol rise and prevented the LH surge in nonstressed, follicular-phase ewes (15) . That study, however, did not address how cortisol elicits these effects. Our recent findings that cortisol acutely inhibits pulsatile LH secretion in ovariectomized ewes (16) provides a plausible hypothesis that was tested in the present study: cortisol disrupts the follicular phase by suppressing pulsatile LH secretion, which is an essential stimulus for the preovulatory estradiol rise that induces the LH surge.
Materials and Methods

Animal model
Two experiments were conducted during successive breeding seasons (experiment 1, November to December 2001; experiment 2, November to December 2002) on adult, ovary-intact Suffolk ewes maintained under standard husbandry conditions at the Sheep Research Facility (near Ann Arbor, MI; 42 degrees 18Ј N). Before the experiment, the ewes were moved from their natural environment to an enclosed, unheated barn in which photoperiod was regulated to simulate that of the outdoors. All procedures were approved by the Committee for the Use and Care of Animals at the University of Michigan.
The estrous cycle of sheep typically lasts 16 -17 d and consists of a luteal phase of approximately 13 d and a follicular phase of approximately 3 d (17) . To enable simultaneous study of multiple ewes, the follicular phase was synchronized among randomly cycling ewes using intravaginal progesterone-releasing devices [controlled internal drug release (CIDR); InterAg, Hamilton, New Zealand]. These devices maintain plasma progesterone concentrations (2-4 ng/ml) equivalent to those of the late luteal phase (18) . After 16 d (adequate time for corpus luteum regression), the CIDRs were removed, leading to a rapid decrease in plasma progesterone concentrations and synchronization of follicular-phase endocrine events: increased pulsatile LH secretion, estradiol rise, and LH/FSH surges (18) .
Cortisol
One day before CIDR removal, ewes were penned in groups and equipped with two indwelling jugular catheters, one for collecting blood and one for infusing cortisol. Cortisol was infused via battery-operated, programable pumps (model 6 MP; Autosyringe, Hooksett, NH) secured to the back of each ewe. The pumps allowed delivery of cortisol or vehicle without restraint and with no apparent disturbance to the sheep. In experiment 1, cortisol (Solu-Cortef, hydrocortisone sodium succinate, aqueous solution, 125 mg/ml; Pharmacia & Upjohn, Kalamazoo, MI) was dissolved in saline vehicle and continuously infused iv at a dose of 0.05 mg/kg⅐h. This treatment elevated plasma cortisol to approximately 30 ng/ml, less than half the maximal value of 75-80 ng/ml that we observe during isolation stress (Wagenmaker, E., A. Pytiak, and F. Karsch, unpublished observations). Therefore, in experiment 2, the infusion rate was increased; two doses were administered, 0.075 and 0.15 mg/kg⅐h.
Experiment 1: effect of continuous infusion of cortisol on the follicular phase
This experiment tested whether continuous infusion of cortisol would suppress pulsatile LH secretion and delay or block the preovulatory LH surge. Beginning 2 h before progesterone withdrawal (i.e. CIDR removal) and continuing for 96 h, ewes received a constant infusion of either cortisol or vehicle (n ϭ 8/group; Fig. 1A ). Jugular blood was sampled at 5-min intervals from 12 to 16 h after progesterone withdrawal to assess LH pulsatility and every 1-2 h through 96 h to evaluate the LH surge, which typically occurs approximately 48 h after CIDR removal (18) .
Experiment 2: effect of different patterns and plasma concentrations of cortisol
Experiment 1 revealed that a low constant elevation of plasma cortisol suppresses LH pulse frequency and delays the LH surge. Experiment 2 expanded on these findings by determining: 1) the effect of different patterns and plasma concentrations of cortisol, 2) the effect of cortisol on pulsatile LH secretion at different times during the follicular phase, 3) the influence of cortisol on estradiol and FSH secretion, and 4) the influence of cortisol on subsequent corpus luteum function. The design is illustrated in Fig. 1B . From 2 h before progesterone withdrawal and continuing for 96 h, ewes received one of four infusion treatments (n ϭ 6/group): 1) vehicle, 2) maximal cortisol, continuous 75-80 ng/ml increase in plasma cortisol to approximate the peak concentration we observe during isolation, 3) half-maximal cortisol, continuous 40 ng/ml increase in plasma cortisol to approximately half the peak value observed during isolation, and 4) repeated maximal cortisol, intermittent 75-80 ng/ml increases in plasma cortisol for 4 h at 12-h intervals. The repeated maximal cortisol group was intended to reflect cortisol responses to repeated exposure to an acute stressor. During isolation, enhanced cortisol secretion is evident for 4 -6 h, and repeated isolation every 12 h leads to repeated increases in cortisol secretion (Karsch, F., unpublished data).
LH pulses were monitored in blood sampled at 5-min intervals during three 4-h windows of time: 12-16, 24 -28, and 36 -40 h after progesterone withdrawal (early-, mid-, and late-follicular phase). In the repeated maximal group, each sampling window coincided with the 4-h elevation in cortisol. Blood was also collected less frequently from 12 h before to 96 h after progesterone withdrawal for assay of LH (2-h intervals), FSH, and estradiol (4-h intervals). Thereafter blood was sampled daily for 21 d to monitor progesterone as an index of corpus luteum function. Because plasma estradiol concentrations in sheep are extremely low, samples for estradiol analysis were collected into glass tubes cleaned in an electrolytic oven in an attempt to reduce residues that may introduce a low blank activity in the estradiol assay.
Hormone assays
LH was assayed in duplicate aliquots (5-200 l) of plasma using a modification (19) of a previously described RIA (20, 21) and is expressed in terms of National Institutes of Health-LH-S12. FSH was assayed in duplicate 100-l aliquots of plasma (18) using reagents procured from the National Hormone and Pituitary Program and is expressed in terms of National Institute of Diabetes and Digestive and Kidney Diseases ovine FSH-1 (AFP 5679C). Estradiol was assayed in duplicate diethyl ether extracts of 200 l plasma using a modification (22) of the diagnostics estradiol MAIA assay (Adaltis Inc., Bologna, Italy). Assay validity was reconfirmed by verifying accuracy of recovery of estradiol standard added to plasma from ovariectomized ewes (99.5 Ϯ 3.8%); parallelism between serial dilutions of standard and ovine plasma samples; and negligible values in ovariectomized ewes (0.56 Ϯ 0.1 pg/ml). Progesterone was assayed in duplicate 100-l aliquots of unextracted plasma using the Coat-A-Count progesterone assay kit (Diagnostic Products Corp., Los Angeles, CA), validated for use in sheep (23) . Total plasma cortisol was assayed in duplicate 50-l aliquots of unextracted plasma using the Coat-A-Count cortisol assay kit (Diagnostic Products Corp.), validated for use in sheep (24) . Assay sensitivity averaged 0.7 ng/ml (32 assays), 0.6 ng/ml (four assays), 0.34 pg/ml (six assays), 0.4 ng/ml (eight assays), and 0.8 ng/ml (12 assays) for the LH, FSH, estradiol, progesterone, and cortisol assays, respectively. Mean intra-and interassay coefficients of variation were 5.8 and 5.2% for LH, 6.5 and 9.8% for FSH, 10.0 and 8.6% for estradiol, 6.2 and 8.5% for progesterone, and 4.2 and 6.5% for cortisol, respectively.
Data analysis
LH pulses were identified using the Cluster pulse-detection algorithm (25) . As in previous studies (24, 26) , cluster sizes for both peaks and nadirs were set at two samples, and the t statistic used to identify a significant (P Ͻ 0.05) increase or decrease was 2.6. LH pulse frequency was expressed as interpulse interval and calculated as the mean interval between pulse peaks observed during the sampling window. When only one pulse occurred, the interval from the peak to the end of the sampling window was considered a conservative estimate of the pulse interval.
Estradiol concentrations were compared among groups by repeatedmeasures ANOVA. Estradiol rises were considered to have occurred if hormone concentrations increased 2-fold above the baseline mean and remained elevated for at least 12 h. The baseline mean was defined as the average estradiol concentration from 12 to 0 h before progesterone withdrawal. LH and FSH surges were considered to have occurred if plasma concentrations increased 3-fold (LH) or 2-fold (FSH) above the baseline mean (average LH or FSH concentration from 12-20 h after progesterone withdrawal) and remained so for at least 8 h. Latent period to the estradiol and LH/FSH surge peak was defined as the time from progesterone withdrawal (CIDR removal) to the highest value.
To normalize the distribution of values before statistical analysis, plasma hormone concentrations were log transformed and the inverse of the square root transformation was applied to each interpulse interval. Differences in single values between control and experimental groups (e.g. time to LH surge peak) were determined by one-way ANOVA. Two-way repeated-measures ANOVA was used to compare hormonal profiles over time between groups. When a significant treatment ϫ time interaction was observed in experiment 2, which comprised four groups, post hoc analysis was conducted to identify specific treatment effects. This consisted of successively excluding data from two groups and repeating the ANOVA on the remaining two. Fisher's exact probability test was used to identify group differences in the proportion of control and experimental ewes expressing the estradiol rise, LH, or FSH surge. Level of significance was P Ͻ 0.05.
Results
Plasma progesterone and cortisol concentrations
Mean progesterone before CIDR removal (2.4 Ϯ 0.3 and 2.6 Ϯ 0.4 ng/ml for experiments 1 and 2, respectively) was at a late luteal phase level and did not differ among control and cortisol-infused ewes. Progesterone decreased to undetectable values within 12 h of CIDR removal and remained undetectable during the infusion. Mean plasma cortisol before CIDR removal was low; values remained so throughout vehicle infusion (8.5 Ϯ 1.7 and 8.3 Ϯ 1.3 ng/ml for experiments 1 and 2, respectively). Continuous cortisol infusion elevated plasma cortisol to 27.3 Ϯ 2.5 ng/ml in experiment 1 and either 40.8 Ϯ 2.9 or 77.4 Ϯ 1.5 ng/ml in experiment 2 (half-maximal and maximal groups, respectively; Fig. 2 ).
These cortisol concentrations represent approximately one third, one half, and the maximal values we observe during isolation stress (see Fig. 2, solid vertical bar) . In the repeated maximal group, plasma cortisol was elevated to 79.7 Ϯ 2.4 ng/ml during every 4-h infusion period (data not illustrated).
Experiment 1: effect of continuous infusion of cortisol on the follicular phase
All control ewes exhibited high-frequency LH pulses from 12 to 16 h after progesterone withdrawal with a mean interpulse interval of 63 Ϯ 5 min (Fig. 3, A-D , illustrates pulse profiles in four of eight ewes). Cortisol lowered LH pulse frequency to one pulse every 93 Ϯ 7 min (P Ͻ 0.05; Fig. 3 , E-H, pulse profiles in four of eight ewes) and reduced mean LH concentrations by approximately 50% (1.6 Ϯ 0.4 vs. 3.4 Ϯ 0.7 ng/ml, cortisol vs. vehicle, P Ͻ 0.05). LH pulse amplitude, however, was not significantly reduced by cortisol (1.9 Ϯ 0.5 vs. 2.9 Ϯ 0.7 ng/ml, cortisol vs. vehicle, P Ͼ 0.05). All ewes of both groups expressed the LH surge, and there was no group difference in the magnitude of the LH surge peak (152 Ϯ 38 vs. 183 Ϯ 26 ng/ml, cortisol vs. vehicle, P Ͼ 0.05). However, cortisol increased the latent period from progesterone withdrawal to LH peak (70 Ϯ 5 vs. 56 Ϯ 4 h, cortisol vs. vehicle, P Ͻ 0.05).
Experiment 2: effect of different patterns and plasma concentrations of cortisol
Vehicle-infused controls. During the three windows of 5-min sampling, control ewes expressed high-frequency LH pulses typical of the follicular phase (Fig. 4) . Between 12 and 40 h after progesterone withdrawal, mean frequency increased progressively from 1 pulse every 65 min to 1 pulse every 48 min, and mean LH pulse amplitude declined from 2.3 to 1.0 ng/ml (P Ͻ 0.05 in both instances; Fig. 4 and Table 1 , A and B). All control ewes displayed an estradiol rise reaching a peak of 5.9 Ϯ 0.5 pg/ml (Table 2A) (Table 2 , B and C).
Maximal cortisol. Three major disruptive effects were observed in ewes receiving maximal cortisol. First, cortisol reduced LH pulse frequency and the mean plasma LH concentration. Interpulse interval was more than twice that of controls during the last two sampling windows (Fig. 5 and Table 1A ). The progressive decline in LH pulse amplitude, as seen in control ewes across the sampling windows, was not observed (Table 1B) . Second, maximal cortisol interfered with the follicular phase estradiol rise. Three ewes did not exhibit the estradiol rise; values generally remained less than 2 pg/ml (Fig. 5A) . The other three ewes did express sustained estradiol rises, but the peak was delayed by an average of 20 h (Fig. 5B and Table 2A , P Ͻ 0.05 vs. controls). Third, LH and FSH surges were blocked or delayed. The three ewes that failed to express estradiol rises did not display LH/FSH surges ( Fig. 5A and Table 2 , B and C; surge incidence P Ͻ 0.05 vs. controls). In the other three ewes, the LH/FSH surges were delayed by approximately 20 h, compared with controls ( Fig. 5B and Table 2 , B and C). Amplitudes of the estradiol and LH/FSH peaks, when they occurred, were not suppressed by cortisol (Table 2) .
Half-maximal cortisol. Continuous infusion of the lower dose of cortisol had similar disruptive effects. LH pulse frequency was reduced, compared with controls; values did not differ from the maximal cortisol group (Fig. 6 and Table 1A , P Ͻ 0.05). Again, mean LH concentrations were reduced and LH pulse amplitude did not fall progressively ( Table 1 , B and C). Furthermore, this cortisol treatment either blocked the estradiol rise and LH/FSH surge (one ewe; Fig. 6A ) or delayed these events relative to the controls (five ewes; Fig. 6B and Table 2 ). Again, the estradiol and LH/FSH peaks, when they occurred, were not reduced, compared with controls ( Table 2) .
Repeated maximal cortisol.
Disruptive effects of the intermittent cortisol treatment were less severe than those caused by continuous infusion. This treatment reduced LH pulse frequency and mean LH concentrations relative to values in controls ( Fig. 7 and Table 1 , A and C). Although the suppression in frequency across time did not differ significantly among the three cortisol treatments, the mean interval between pulses in the intermittent cortisol group was 15-30 min less than that in the maximal cortisol group during the last two sampling windows. In contrast to the other two cortisol groups, LH pulse amplitude did decrease with time (P Ͻ 0.05) and did not differ from values in control ewes. Sustained estradiol rises and LH/FSH surges were expressed by all ewes receiving intermittent cortisol, and neither timing nor amplitude of the peak hormone values differed significantly with respect to values in the controls (Fig. 7 and Table  2 ). Although not significantly delayed, peak values for all three hormones occurred an average of 6 -9 h later than in the control ewes.
Plasma FSH concentrations. FSH was assayed at 30-min intervals during the three windows of frequent sampling to assess FSH secretion before the surge. Mean values did not differ among control and cortisol-infused ewes (Table 3) .
Effects on the subsequent luteal phase. After treatment, all control and cortisol-infused ewes expressed a rise in progesterone indicative of a luteal phase. Onset of this luteal phase (day progesterone exceeded 0.5 ng/ml) was delayed by 1 d in the maximal cortisol group (control vs. maximal cortisol: 5.3 Ϯ 0.2 vs. 6.2 Ϯ 0.4 d after CIDR removal; P Ͻ 0.05). Neither the duration of the luteal phase (days progesterone Ͼ 0.5 ng/ml) nor the integrated amount of progesterone secreted during the luteal phase (sum of all values) differed among control and cortisol-infused ewes (data not shown). 
Discussion
In sheep, as in other species, increased pulsatile LH secretion is an essential stimulus for generating the follicular phase rise in estradiol secretion and subsequent expression of the LH and FSH surges (17, 27, 28) . The present study provided an initial test of the hypothesis that cortisol interferes with expression of the preovulatory sequence of endocrine events by suppressing pulsatile LH secretion. Our results support this hypothesis by demonstrating that elevated plasma cortisol concentrations reduce LH pulse frequency in follicular-phase ewes and delay or block the resultant estradiol rise and gonadotropin surge. Although the estradiol rise and LH surge were sometimes not observed during cortisol infusion, it is assumed they occurred soon after the infusion ended because these ewes subsequently expressed plasma progesterone profiles indicative of functional corpora lutea. Overall, our findings reinforce the recent report that a stresslike increment in plasma cortisol disrupts the preovulatory estradiol rise and LH surge (15) . Beyond this, the present study provides novel insight into the underlying mechanism by linking this effect to suppression of pulsatile LH secretion and, in particular, LH pulse frequency.
Although consistent with the hypothesis that reduced pulsatile LH secretion underlies the effect of cortisol on follicular phase events, our study does not exclude the possibility that other actions of cortisol also interfere with timely expression of the estradiol rise and LH surge. For example, cortisol might suppress estradiol synthesis by reducing ovarian responsiveness to gonadotropic hormones. At the level of the ovary, LH enhances estradiol secretion by stimulating thecal cell biosynthesis of androgens, which are then converted to estradiol by granulosa cells under the influence of FSH (29) . Glucocorticoid receptors have been identified in granulosa cells of the rat (30) , and glucocorticoids reduce responsiveness of human and rat granulosa cells to gonadotropic hormones (31, 32) . Either impaired ovarian responsiveness to FSH or reduced FSH secretion would attenuate LH-stimulated estradiol synthesis and compromise the preovulatory A. Estradiol Vehicle 6/6 5.9 Ϯ 0.5
Half-maximal cortisol 5/6 6.7 Ϯ 0.7
Repeated maximal cortisol 6/6 7.6 Ϯ 1. estradiol rise. Although cortisol did not suppress basal FSH secretion before the surge, our study did not assess follicular responsiveness to FSH. Further work is warranted to determine whether the disruptive influence of cortisol on the follicular phase is expressed at the ovarian as well as the neuroendocrine level. Another way that cortisol could interfere with the follicular phase is by suppressing those processes required for induction of the LH surge. Specifically, cortisol could either prevent generation of the positive feedback signal (i.e. enhanced estradiol secretion) or reduce neuroendocrine responsiveness to that signal. The absence or delay of the estradiol rise associated with lowered LH pulse frequency in most of our ewes is clearly consistent with the former possibility. However, two lines of evidence suggest cortisol also interferes with responsiveness to the positive feedback signal. First, the LH surge was delayed by approximately 24 h in some of the cortisol-treated ewes that expressed preovulatory-like estradiol rises at the usual time (e.g. Figs. 5B and 7B). Second, other studies provide direct evidence that a stress-like increment in plasma cortisol delays the LH surge induced by a fixed exogenous estradiol stimulus in an artificial follicular-phase model (33) . Thus, cortisol likely interferes with timely expression of the LH surge by inhibiting both generation of, and responsiveness to, the positive feedback signal.
Two unexpected observations from the present study are noteworthy. The first pertains to the apparent difference in LH suppression in follicular phase and ovariectomized ewes and the possible dependence on ovarian steroid milieu. The major effect of cortisol on LH pulses in follicular phase ewes was a reduction of frequency. This implies primarily a hypothalamic effect and suppression of GnRH pulse frequency, a possibility we are presently testing. This contrasts with the effect we observed in ovariectomized ewes not replaced with gonadal steroids, in which cortisol acts acutely to reduce LH pulse amplitude by suppressing pituitary responsiveness to GnRH rather than by inhibiting pulsatile GnRH secretion (16) . We cannot discount a pituitary effect of cortisol in the present study because responsiveness to GnRH is regulated by an interaction of multiple factors including the plasma estradiol level and GnRH pulse frequency, both of which appear to be influenced by cortisol in follicular phase ewes. Nevertheless, the more marked suppression of LH pulse frequency in follicular-phase ewes, compared with ovariec- tomized ewes, is highly interesting because it suggests ovarian steroids enhance the interaction of cortisol with central mechanisms controlling pulsatile GnRH secretion. Although this remains to be tested formally, two recent findings are consistent with this possibility: the type II glucocorticoid receptor is coexpressed with estradiol receptor-␣ and the progesterone receptor in hypothalamic neurons (34) , and gonadal steroids profoundly influence stress-induced suppression of pulsatile LH secretion (35) .
The second unexpected observation was an apparent uncoupling of the suppressive effects of cortisol on LH pulses and the estradiol rise/LH surge in ewes receiving intermittent cortisol infusions. Specifically, cortisol suppressed LH pulse frequency but did not significantly affect either the preovulatory estradiol rise or LH surge. It should be noted, however, that LH pulses were monitored only during the intermittent 4-h cortisol infusions; LH secretion may have recovered during the intervening 8 h when cortisol was not infused. Of interest, intermittent cortisol tended to increase the latent period to the peaks of the preovulatory estradiol rise and gonadotropin surges, although this trend was not significant. Furthermore, the suppressive effect of intermittent cortisol on LH pulses also exhibited a trend to be less than that of continuous cortisol infusion. Thus, we suspect that LH pulses were not as severely suppressed, nor were the estradiol rise and gonadotropin surges as severely compromised, by the intermittent compared with the continuous cortisol infusion.
A final point pertains to the physiologic and pathophysiologic relevance of the various cortisol treatments employed. With regard to the continuous 96-h infusion, several clinical disorders as well as intense exercise are associated with prolonged elevations in glucocorticoids (36, 37) . For example, in Cushing's syndrome, plasma cortisol is chronically elevated and plasma gonadotropin concentrations and pituitary responsiveness to GnRH are reduced (38, 39) . Furthermore, hypercortisolemia and reduced LH pulsatility are evident in patients suffering from major depression, anorexia nervosa, and hypothalamic amenorrhea (40 -45) . Although peak glucocorticoid responses are not sustained during chronic stress due to habituation and negative feedback within the HPA axis, it is noteworthy that suppression of LH pulses was achieved with sustained plasma cortisol level far less than the maximal values we observe during psychosocial stress (experiment 1). With regard to the repeated cortisol treatment, this paradigm simulated cortisol elevations during repeated stress (46, 47) (Wagenmaker, E., and F. Karsch, unpublished observations) and may be likened to the diurnal hypercortisolemia observed in women with functional hypothalamic amenorrhea (43, 44) . Thus, the cortisol treatments in the present study are likely to be relevant for understanding reproductive dysfunction associated with certain stressors and various clinical disorders.
Collectively, the present observations support the hypothesis that stress-like increments in plasma cortisol interfere with the follicular phase by suppressing the development of high frequency LH pulses, which compromises timely expression of the preovulatory estradiol rise and LH and FSH surges. Furthermore, our finding that cortisol reduces LH pulse frequency provides indirect evidence that cortisol acts centrally to suppress GnRH pulsatile secretion in follicular phase ewes. Although these observations support an important role of glucocorticoids in the suppression of reproductive function in response to stress, they do not discount a mediatory role of other hormones activated in response to stress (e.g. catecholamines CRH, ACTH). Finally, it is important to emphasize that successful reproduction requires follicular maturation and estradiol biosynthesis, induction of the LH surge, ovulation, and expression of sexual behavior to be coordinated within a tight time frame. The present finding that physiologically relevant elevations in plasma cortisol disrupt timely expression of preovulatory endocrine events warrants further work to assess how cortisol interferes with these events, the impact of these disturbances on fertility, and the importance of heightened cortisol secretion to reproductive dysfunction in response to certain stressors and pathophysiological states.
